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Many investigations dealing with problems on the skin potential have been 
made. From the end of the ninteenth century, it has been proved that the 
ingoing potential might arise in the frog skin. Hashida (1922) ·and Uhlenbruek 
(1924) suggested respectively the absorption. theory and the membrane theory on 
the electromotive phenomena of frog skin. Moreover, Hashid·a obtained importaint 
conclusiolls that the skin potential was intimately concerned with concentrations 
of contact electrolyte. solutions. Amberson and Klein (1928) suggested that the 
membrane potential might be related to electrical properties of proteins. Effects 
of -many ions on the skin potential were investigated by Francis (1934). Deans 
(1939) and others; meanwhile Williams and Sheard (1932), Francis and Pumphrey 
(1933) and Mot~kawa, Narita and Enqo (1943) ~uggested that there were many 
important relations between the skin potential and the oxygen consumption. 
Francis and Pumphrey and others tried further i~1vestigations on the seasonal 
variation and the sexual differences of the skin potential. 
According to Motokawa et al. (1943), the skin potential was affected by the 
temperature of the contact solutions ; they derived a following experimental 
formula: 
E=a+bT, 
(E: electromotive force, a and b : negative· and positive constants, T : 
absolute temperature). They obtained a rectilinear relation between E and loga-
rithm of oxygen consumption at temperatures below 25°C. 
Meyer and Bernfeld (1946) investigated the ionic permeability of frog skin 
by measuring the potential, and carried out an analysis of layers of the skin. 
The frog skin is composed of some layers with differect permeabilities, particularly 
the basal membrane has a special permeability for H ion, and the resting potential 
may arise with the difference of H ion concentrations on both sides of the 
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membrane . 
. In the work of previous authors the frog ·skin has. exclusively been used. 
But the present work deals with the skin potential oJ the newt. The study was 
performed at the Biological Institute of the Tchoku University in 1952. · 
1 wish to express my sincere thanks to Prof. S. Nomura for his constant 
guidance 3.nd criticism in the course of this study. 
MATERIAL AND METHOD 
The newt, Triturus pyrrltogaster (Boie)*, collected in the environs of Sendai, 
was used, The dorsal side ot the mwt is black and the ventral side is red with 
black flecks. \Vhen two pieces of skin, about 2 cm2 , were cut off from the ventral, 
one was taken from the anterior black part, another from the posterior red part, 
and v1:ce versa. Four combinations of parts and colours could be obtained. 
The skin piece was mounted on an apparatus which is shown in Figu.re 1. The 
apparatus consisted of symmetrical glass chambers, 4 em in length and 1.2 em 
in diameter. In each chamber a capillary was inserted from the flank to bubble 
air into t.he solution~ The .surfaces, on which the skin was mounted pressed from 
both sides, were exactly plane parallel, and in the middle of the end surface, a 
c. 
Fig. 1. Diagra.m of the apparatus. sk: slnn, ch : glass 
chamber, c: caplilary, b: screw~ bolt, p : brass~pla1.e. 
small hole, 0.4 em in diameter was made forth~ conduction through the skin. The 
hatched parts were of rubber, and the set was supported with two small brass 
plates, kept in position by three long screw-bolts. The chamabers of borh 
sides were always filled with Ringer solution of the same temperature and compo-
sition, through the hole-! em in diameter m1 the upper side. Figure ·2 shows the 
conduction arrangement as follows: Ringer solution in chamber/Ringer agar-
bridge/Ringer solution/sat. KCI agar-bridgejsat. KCI solution/sat. KCI calomel 
electrode ; this arrangement was also perfectly symmetrical. Then the potential 
was measured by the compensation method with the Type K potentiometer of 
* Synonym: Dicmyctylus pyrrhogaster (Bam) 





Fig. 2. The experimental arrangement for the determination 
of skin potential. 
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Leeds & Northrup, with a critical resistance galvanometer as a null instrument. 
The observational error would be ± 0.05 m V. 
The Ringer solution on both sides of the skin could be rapidly removed and 
replaced by other solutions through the upper holes of the chambers with a·syringe. 
The air bubbled from the capillaries went out through the upper tubular vent. 
The Ringer solution for frog, was modified with addition of MgCI, : NaCI 0.65, 
KCI 0.014,' CaCI, O.G12; NaH,PO, 0.003, NaHCO, 0.02, MgCI, 0.005, H,O 100, 
buffered at pH 7.:0-7.3. 
RESULTS AND DISCUSSION 
The newt skin potentials of 5-70mV, which were lower than that of the frog 
skin, were measured, the inner side being electrically positive as in the frog. 
The mechanism of rise of the skin potential has complicated relations with outer 
and inner conditions on the specimens, i.e., te1nperature, light, form and concen-
tration of contact electrolyte solution, tension of skin and vitality of newt itself. 
These conditions were 'kept constant throughout the experiment as far as possible. 
In every observation, the potential changed for the first one to four hours 
after mounting, but with the progress of time a stable potential was finally at-
tained. In the present study, the potential was measured at every ten minutes 
during five hours or longer. When the potential change was less than one m V 
per hour, the potential was taken as a steady potential. 
To attain the steady potential, it might be necessary that concentrations of 
ions in Ringer solution of both sides had been defined, namely, the quantity of 
ions passing through the skin would attain an equilibrium (Donnan's membrane 
equilibrium). 
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To keep the equilibrium it was requi'red that the skin must continue a 
constant metabolism (oxygen consumption, etc.), for which the experiments were 
facilitated by usual saturating with air constantly bubbled near the skin on 
both sides. If it was not done so, the potential was decreased and often to zero ; 
these phenomena might be connected to fatigue and death of skin. This was in 
agreement \vith the view that was concluded on the frog skin by Francis and 
Pumphrey {1933), Ponder and Macleod {1937) and ·Meyer and Bernfeld (1946). 
The renewal ~f the Ringer solution during the first one to two hours increasect 
the potential rapidly ; after the steady potential was attained, however, no effect 
of the renewal of solution could be observed. 
{I) The Infhience of Temperature on the Potential of the Skin Specimens 
cut off from Anterior and Posterior Parts of the Ventral Side of the Newt. 
The experiment was. carried out in October to ] anuary of the next year. 
The newts were cultured in thermostats controlled a.t woe and 25°C during 
50 days, and the potentials of two skin pieces from each individual were measured 
in two sets of the apparatus at the same time. The experimental temperature 
was controlled at woe and zsoe as in culturing. Table I gives the results of 
measuring the potential, while Figures 3 and 4 show the curves of the potential 
· changes in the time course. Figure 3 showS the curves of potential changes in 
t·ooc animals, figure 4 those in 25°C animals, each measured at 10° and 25°C 
respectively. 
a) 10°e-Culturing and woe-Experiment. As shown in Figure .3, curves of 
potential changes of the specimens cnt off from thr anterior and the posterior parts 
Table I. 
Temperature influence on the skin potential of newt. 
Part & Colour of Skin Part & Coloiu of Skin 
Temp."C No. Anterior Posterior No. Anterior Posterior 
Cultur.- of . (Red) (Black) of (Black) (Red) 
Exp, Exp. Initial Initial Exp. Initial Initial. 
transient Max. transient Max. transient Max. transient Max. 
Steady P. m.v Steady P.mV Steady. P. mV Steady P. mV 
26.2 13.0 15.0 10.4 
10-10 10 26.5 13.3 16 18.7 11.0 
10.6 10.3 8.6 9.3 
26.4 20.1 17.6 16.0 
10-25 15 29.0 21.5 11 20.1 16.7 
9.5 10.0 9.2 9.7 
----. :: ~---1 34 0 31.5 37.0 28.3 25-10 428 35.2 13 52.6 32.0 33.4 34.0 30.0 31.6 58 0 30.2. 40.7 39.1 
25-25 64.2 30.7 15 60.9 40.2 
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Fig. 4. Influence Of-temperature on the skin potential change 
in time course; 25°C-ammals. 
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were smooth, and showed slight changes for the first three to four h?urs ; the 
ste~dy potential of 5-20 m V was obtained. There was no difference between the 
black and the red pieces of skin, but the initial potential of the anterior might 
be slightly higher than that of the posterior. 
b) lO'C-Culturing and 25'C Experiment. The curves shown by broken 
line in figure 3, gives a clear tendency. In the first, the high potential of 20-30 mV 
was obtained for the anterior piece, but it fell suddenly after slight increasing. 
The potential of the posterior piece was about 13 m V at first, rose and fell grad1.ially 
and reached the steady potential of 9 mV. The steady potential of anterior and 
posterior pieces was as low -as in the lQ°C··experimcnt, but the time for attaining 
the steady potential was only one to two hours. The difference between the black 
and the reel pieces could not be found. · 
c) 25'C-Cttlturing and JO'C-Experiment. The newts cultrued at 25'C were 
very active, compared with the newts at lO'C. In this case it was observed that 
the steady potentials were higher and the potentiaL change \vas greater. The 
result is shown in curves of full line in figure 4. Either red or the black piece 
from the anterior, showed the larger potential change than those of the post-
erior; the result was always. decisive. It required three to four hours to attain 
the potential, which is 30m V or higher. 
d) 25'C-Culturing and 25'C-Experiment. The result was shown with broken 
line in figure 4. In this case, the steady potential was attained in first one to two 
hours, differing from 10' C-experiment, being always comparatively low, 10-25 
m V. The resuits obtained in the foregoing experiments show no difference between 
the black and the red bnt might present characteristic difference between the 
anterior and the posterior. In 25' C-culturing and 25' C-experiment, the largest 
changes and the highest values of initial potentials were obtained, followed by the 
rapid decreases. 
Though the maximnm potentaial of frog skin was obtained in experiments 
at 25'C by Barnes and ~fotokawa, it might be nothing but the structure of newt 
skin that made difference from the frog. There might be a remarkable agreement 
between the results and the observations in which Motokawa obtained the low 
potential on the frog at the experimental temperature of 30'C. 
Though the skin potential must be thought as steady, the processes of the 
potential changes are noticeable in the present observations. It seems likely 
that curves of the processes suggest a few characters of skin potentials and if the 
curves are considered in relation to difference of constitution fetween the anterior 
and the posterior parts, then each character might be discovered in the curves. 
Moreover~ when ihe· curves obtained under temperature control are compared 
with curves of annual potential variation after stated, resemblance might be 
found between them. 
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When a steady potential was attained in 2.5'C-culturing and 25'C-experiment, 
temperature of Ringer solution was changed. The medium. on both sides of the 
skin set in the apparatus was replaced by Ringer solution of IO'C, and a raricl de-
crease of about 15m V was observed in the anterior skin and 10 mV in the posterior. 
The decrease was followed by the steady potential immediately in the anter.ior skin, 
and after an increase of two to three mV in the posterior. After two hours, the 
Ringer solution was removed and replaced again by solution at 25'C on both sides, 
and it was observed that the steady potential was obtained after immediate in-
crease of about 10 mV followed by slight decrease for one hour in the anterior skin. 
In the posterior skin the steady potential was attained after increasing of about 
10 mV followed by decreasing of two to three mV in the following five minut.es. 
The result is in agreement with the point that has been obtained on the frog skin 
by Barnes (1939), though the degree of increase and decrease in the newt skin may 
be smaller and types of change may differ from those of the frog. It was concluded 
that the skin potential of newt was intimately influenced by the temperatures of 
culturing and experiments, but the decidedness and the degree of influences of 
temperature would be less than in the frog. In the newt it seems that the maxi-
mum potential is obtained about 15-20'C, and \hat the steady potential will be 
reached sooner at higher experimental temperature. These results are in agree-
ment with Motokawa's observations. 
(2). The Skin Potential of the Newt and the Season. 
It was likely that seasonal variation might exist in the skin potential of the 
newt measured frdm July to the second third of January of the next year.· .This 
experiment was made at the room temperature with the ventral skin of the newt 
freshly eollected in every month. Table II gives the average, maximum and min-
imum values in every month. "Figure 5 shows typical curves which were most 
frequently obtained in each month. From Table II and figure 5, it may be stated 
Table 2. 
Seasonal variation of steady potential of the newt skin. 
I Steady Potential mV I Steady Potential mV Month Month 
Average. Max. & Min. Average. Max. & Min. 
July I 32.8 
69.'3 I November 9.5 20.8 24.7 2.7 
August I 27.1 
5 !.4 I Dece~ber 7.7 !6.4 18.6 2.5 
September I 19.7 
32.5 I January I. I 8.0 
24.3 
9.8 3.2 
October I 13.9 
2o:o I J an~"'Y ir.l 16.5 30.9 3.5 8.8 
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that the steady potentials were decreasing from summer to win~er; furthermore, 
compared with the results, which were obtained from the foregoing culturing and 






















Fig. 5. Se'tsonal variation of the skin potential. 
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Fig. 6. Se'.lsonal vanation of the steady potential of the newt 
skin. The above curve shows atmosphenc temperature m each 
month, and· every black circle give> average value of the skin 
potentials of 2'-3 individuals. 
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curves and values of potentials measured in the seasnoal· experiment. It seemed 
li.kely, therefore, that these seasonal variations certalnly we:r;e related mainly wHh 
the temperature. · The relations between the steady potential and the atmospheric 
temperature in every month, are given in Figure G. As shown in this flgur~. the 
range from maximum to minimum was about 70 to 25 mV in July, but in August 
the maximum descended t,o 45 m V. In September the mimimum fell to 10m V 
and also the maximum was not so high, about 30m V ; while at this time the atmo-
spheric temperature was falling gradually to about 17'C ; the range between 
11.1aximum and minimum potentials in this season became narrower. From October 
on, the atmospheric temperature fell clown suddenly, and it was observed that the 
lower potentials such as 5-6 m V were often measured.. Potentials in November 
were as low as in October. In December and the first ten days of January, the 
minimum potential throughout the year might be observed; in the middle of 
January, a slight increase of the potential was observed and the maximum in the 
days attained to 20 mV, rarely 30 mV high. 
VVhen these results are considered in_ connection with th~ observations in the 
experiments on the temp".erature, and moreover, compared with the investigation 
by Francis and Pumphrey (1933) in which it was reported that the maximum 
potential of the frog skin is observed in February to May ariel the sexual difference 
appears from January to March, it will be noticed that there are remarkable 
agreements. The relnt~on · between the seasonal potential variation and the 
potential change by. controlling the experimental temperature is perhaps the most 
interesting· result~ of the present studies. 
Though the difference between male and female has not been observed 
throughout the present study whcih extended from July to January, yet the sexual 
difference in the characteristics of the black and the red parts of the skin might 
have been observed, if the potential had been measured in January to May, 
because this term is the breeding season of the newt, and the greatest sexual 
difference in skin potential of the year might have been observed. 
As on the frog skin potential, further experiments on the newt skin related 
with physiological and histological studies throughout the whole year should be 
' carried out for elucidation of the problems. 
SUMMARY 
1. The skin potential in the newt was measurecj by the compensation method 
with Ringer solution as conduction medium on both sides of the skin set in the 
specially devised apparatus. 
2. Skin pieces were prepared from different parts of anterior and posterior 
regions of the ventral side of the trunk of the newt, each being either red or black 
in colour; four combinations of regions and colours could be obtained. 
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3. The potential was positive on the inside, and its value was about S to 70' 
mV. 
4. The initial potentials at first changed rapidly,. but gradually tended to 
ateady potentials. 
5. As far as the steady potentials are concerned, there has been observed no 
remarkable difference between red and black parts of the skin, but the time course 
of the potential changes showed characteristic difference between the anterio~ · 
and the posterior parts of the skin. 
6. The influences of the temperature in culturing and experiment might be 
observed on every curves, and the time required to attain the steady potential 
was shorter at higher experimental temperatures. 
7. By the replacement of Ringer solution of different temperature (25' to IO'C 
and 10' to 2S'C) on both sides of the skin, the steady potential sensitively changed. 
Increase and decrease of about 10-15 mV were observed. 
8. It is noticeable that seasonal variations take place in the sldn potential of 
the newt ; when measurements were carried out in July . to ] anuary of the next 
year, decrease of the steady potential was observed, which might intimately qe 
influenced by the atmoshperic temperature. 
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